e effect of climate variability on the rainfall pattern is canvassed on the Uma Oya river basin, Sri Lanka, consisting of 5 rainfall gauging stations. e Uma Oya basin (720 km 2 ) is given utmost precedence due to environmental concerns seen in the ongoing Uma Oya multipurpose development project (529 million USD worth) which is expected to divert water to the southeast dry zone of the country while adding 231 GWh/year electricity to the national grid. e rainfall data for a period of 26 years were analysed using Mann-Kendall's test and Sen's slope estimator test to identify the rainfall trends. Both of these trend analysis test results depict only one negative trend for Hilpankandura Estate for the month of June; however, the seasonal trend analysis and annual trend analysis do not support this observation. Nevertheless, Mann-Kendall's test showed potential positive trends for the 3 rainfall gauging stations Kirklees Estate, Ledgerwatte Estate, and Welimada Group only in the 1 st intermediate period (March-April), and this is well supported by the monthly trend analysis. Other than these trends, the results do not show any significant negative trends in the Uma Oya catchment. erefore, the results vividly explain that there is no threat of water scarcity to the catchment area being resistant to changing global climate for the past 26 years.
Introduction
Climate change and climate variability are not a myth, and many evidences can be found to support them [1] [2] [3] [4] . Many researchers believe the human interactions have increased the rate of climate change [5] [6] [7] [8] [9] . Climate variability is often referred to as global warming by many people even though it is only one possibility in climate variability [2] . Many researchers try to understand the past, present, and future climate variability through observations [10] [11] [12] and theoretical models [7, 13, 14] .
Climate variability involves changes in precipitation and atmospheric temperature, slower winds, and acidification of the ocean. However, atmospheric temperature and precipitation are the two most sensible factors to the people. Between these two, changes in precipitation are one of the most important factors, which impact the society and then determine the overall impact of climate change.
Some researchers predict that the warmer climate enhances the precipitation events [15] , however, with more dry intervals and few intensified precipitation (rainfall) events. At the same time, some other researchers argued that the impact of climate change is not measurable on regional rainfalls over the natural variations [16] [17] [18] [19] [20] [21] [22] . Nevertheless, some of the cases reveal that there is a strong correlation between the human activities and the climate change [23] [24] [25] . Studies show that the uneven flood event that occurred in England and Wales in autumn 2000 was due to manmade activities [26] [27] [28] .
Precipitation in the United Kingdom has changed over the last few decades. It was observed that precipitation has become more intense during the winter months, but less intense during the summer months [29, 30] . Positive trends were found in wet days using gamma distributions all over the United Kingdom. In addition, nonparametric tests confirmed the increase of precipitation during the winter months. Nevertheless, the negative trends in gamma distribution and decreasing trends of precipitation were found in the summer days [29] . e positive precipitation trends in the winter months led to an increase in the flood frequency and the flood magnitude in the United Kingdom [21] . However, the nearby country, Ireland's southwest coast, Valentia shows controversial trends to the precipitation. A 54-year-trend analysis shows clearly an increment of precipitation (10%), however, during March to October [31, 32] . Months from March to October mark the spring, summer, and autumn months in Ireland. erefore, this finding by Kiely et al. [32] is interesting as the increment of precipitation is not in the winter months, but in the other months of the year. However, according to McElwain and Sweeney [33] , northwestern Ireland follows precipitation trends similar to those of the United Kingdom. erefore, the spatial variation of precipitation trend analysis would be a more interesting topic to look at to understand the climate variability.
Cannarozzo et al. [34] reported that overall trends in Sicily (Italy) have a negative trend for the entire region by analysing around 250 rain gauges using nonparametric statistical methods. Similar studies for the precipitation (rainfall) trend analysis were carried out over many other regions of the world: Ceballos et al. [35] and De Luis et al. [36] for Spain; Bunting et al. [37] and Hess et al. [38] for African countries; Longobardi and Villani [39] and Philandras et al. [40] for the Mediterranean area; Ahmad et al. [41] , Deshmukh and Lunge [42] , Kumar et al. [43] , and Sridhar and Raviraj [44] for the Indian subcontinent; Gemmer et al. [45] and Zhai et al. [46] for China; Nicholls and Lavery [47] and Salinger and Griffiths [48] for Oceania and de la Casa; and Nasello [49] and Knowles et al. [50] for the American continent.
Rainfall trend analyses were carried out in several important catchments in Sri Lanka. According to Jayawardene et al. [51] , average rainfall in Colombo, Sri Lanka, will have a significant annual increase of 3.15 mm/year, whereas two other cities Kandy and Nuwara Eliya (about 100-200 km away Colombo) will have an annual decrease of 2.88 and 4.87 mm/year, respectively. Several other researchers including Ampitiyawatta and Guo [52] , Herath and Ratnayake [53] , Jayawardene et al. [54] , Malmgren et al. [55] , Ranatunge et al. [56] , Suppiah [57] , and Wickramagamage [58] have carried out extensive research work to analyse the rainfall trends in many other important areas in Sri Lanka. However, the literature does not show any rainfall trend analysis for the Uma Oya catchment, one of the most important catchments in Sri Lanka. is paper presents rainfall trend analysis of the Uma Oya catchment using several rainfall stations and their monthly rainfall data. e river flow trends of Uma Oya were then projected using the rainfall trends, thus to identify water scarcity in the catchment, if there are any.
Uma Oya Multipurpose Development Project
Discussions for the Uma Oya development project were held since 1950s. It was analysed in 1959 with the help of Americans and Canadians for potential hydropower development. However, in 1968-1969, there was another proposal under the United Nations for the Uma Oya catchment. It was again proposed in 1988-1989 with the help of Germans. In addition, another prefeasibility study was carried out in 1991 by a Sri Lankan construction company not only to develop the hydropower but also to divert some of the excess water to down south of Sri Lanka. e project was never implemented because of various reasons, including the protests by the villagers. However, construction of the project was initiated in 2008 and is about to finish in the coming years (by 2020). It is a multipurpose transbasin project, and therefore, in addition to the hydropower development, it transfers 145 MCM (million cubic meters) to the Kirindi Oya basin in the southeast dry zone for irrigation. It is proposed to develop 231 GWh of hydroelectricity and then add to the national electricity grid. However, there were/are many discussions on the Uma Oya catchment in Sri Lanka due to the Uma Oya multipurpose development project. It has many disadvantages to the ecosystem and the surrounding society, and there were many protests against the development project. However, this ongoing multipurpose development project also has many advantages including renewable hydroelectric power generation and cultivation of thousands of hectares of land. As already stated, on completion, a significant portion of Uma Oya river flow will be transferred to the down south of the country. erefore, it would be highly interesting to assess the future flow of Uma Oya under the climate variability scenarios to check whether the development project achieves its targets in the future while Uma Oya serving its original tasks (irrigation and hydropower development in the Uma Oya catchment).
Homogeneity Tests for Rainfall Series
Homogeneity tests express the variability of a data series.
is is very important in daily rainfall measurements to confirm whether the data were recorded on the same time daily with the same instrument at the same location [59] . However, this is a tedious task when it comes to recording of daily rainfall measurements in longer time spans (like 30 years or 100 years) as the measuring techniques may have changed over the period, the measuring instruments may have been reinstalled, and so on. Literature gives many methods of identifying the inhomogeneity of data sets. SNHT [60, 61] , Pettitt's test [62, 63] , Buishand's test [64, 65] , and von Neumann's test [63, 66] are several homogeneity tests used in the literature.
Mann-Kendall's Test
Mann [67] proposed a nonparametric test to analyse the trends, and Kendall [68] 
where x j and x i are the time series and n is the number of data points in the time series. e sign function "sgn" can be expressed as
e variance of Mann-Kendall's test is given by the following equation:
where t i is the number of ties up to sample i. en, Mann-Kendall's statistic Z c is given by
Z c follows the standard normal distribution. A positive Z c value shows an upward trend, whereas negative Z c gives a downward trend for the data period.
Sen's Slope Estimator Test
e magnitude of the trend at a given time can be found from Sen's slope estimator [72] . e test is widely used in assessing the trend magnitude for rainfall series over the time [41, 43, 70] ; Mondal et al., 2012 [44] . Slope for all data pairs can be calculated by
where T i is the slope and x j and x k are the data values at time j and k, respectively. e median of the n values of T i is symbolised as Sen's slope estimator (Q i ) and given by
Case Study Application
As stated above in Introduction, the Uma Oya catchment (has an area of 720 km 2 ) is one of the important catchments in Sri Lanka. e catchment has areas from the wet zone and intermediate zone of Sri Lanka. erefore, it has a rich biodiversity. Uma Oya is one of the major tributaries of Mahaweli River, the longest river in Sri Lanka. Uma Oya starts from Pidurutalagala (Sri Lanka's highest mountain) and reaches Mahaweli River at the Rantambe reservoir.
erefore, it has a significant elevation difference ranging from 2500 meters to 152 meters over the length of the river.
e ongoing Uma Oya development program proposed to transfer 145 MCM (million cubic meters) of water annually to the Kirindi Oya basin in the southeast dry zone of the country. However, there are some major critics from the people who live in the catchment for the ongoing development program as the Uma Oya catchment is labelled to an agricultural catchment.
erefore, water is a critical concern for the catchment itself. Nevertheless, a rainfall trend analysis for the catchment is interesting to assess water scarcity in future climate scenarios. Figure 1 shows the Uma Oya basin and the selected rain gauges to analyse in the catchment.
Numerical numbers 1-5 denote the selected rain gauges in the Uma Oya catchment. ey are situated in the coordinates of Welimada Group (1) Missing rainfalls due to various reasons (instrument issues and recording issues) were filled by the normal ratio method. en, the rainfalls were checked for homogeneity using Pettitt's test, SNHT, Buishand's test, and von Neumann's test.
Next, rainfall data were observed to identify simple eyeball trends, before they moved to the statistical models. Annual and monthly rainfall values were used in this mere analysis. However, Mann-Kendall's test and Sen's slope estimator test were applied to the annual, seasonal, and monthly rainfall series in the Uma Oya catchment. Figure 2 presents the annual rainfall variation in the selected rain gauge stations. e figure clearly shows the spatial and temporal variation of the rainfall. Averagely all of these annual rainfalls show similar patterns with drops and rises.
Results and Discussion
ey show an increasing trend to the naked eye. In addition, compared to other years, 2016 had a significant lower rainfall to the catchment. erefore, it can be considered drought year to the catchment.
Advances in Meteorology
Tests carried out to check homogeneity of the rainfall data (Pettitt's test, SNHT, and Buishand's test) show that the data series for 5 stations are homogeneous. However, von Neumann's test illustrates a risk of nonhomogeneity in the data series. More importantly, the trend analysis does not identify any potential negative rainfall trend for the Uma Oya catchment. is would be an interesting finding to the people around the area as well as the authorities of the Uma Oya multipurpose development program. e trend analysis suggests that the Uma Oya catchment is not under a serious water scarcity condition.
e analysis was extended to identify the seasonal impact on water resources in the area. e catchment is well famous for agriculture, and more than 30% of the country's vegetable production comes from the catchment. erefore, the seasonal rainfall trend analysis would be an interesting topic for the farmers in the area. Importantly, the trend analysis results do not show any negative trends for any season. erefore, it can be justified that water availability in the catchment was not affected over the 26 years. is observation leads to further comment on the future water availability in the Uma Oya catchment.
erefore, it can be projected that there is no critical crisis for water availability in the Uma Oya catchment.
However, the trend analysis discussion was taken up to the monthly intervals. Figures 3(a) and 3(b) show the temporal variation of rainfall for years 2011 and 2016, respectively.
Year 2016 was identified as a slightly drought year, and Figure 3(b) clearly shows the reduction of rainfall. e range of the rainfall axis reduced to half of that in year 2011. However, this reduction happened during the early months of the year. However, the variations show a similar pattern. Figures 4(a)-4(e) show the rainfall variation in several years for the five rain gauge stations. Eyeball trends were identified in Figures 4(a)-4(e) . However, it is complex to visualise such a trend; instead rainfall peak migration can be seen with time. Table 3 presents the trend analysis results on monthly basis for the five rain gauge stations. Kirklees Estate, Ledgerwatte Estate, and Welimada Group show positive rainfall trends in March. is observation coincides with the seasonal rainfall trends as March is in the 1 st intermediate season of the year. erefore, the positive trend in these three gauging stations is further accepted from the 6 Advances in Meteorology monthly trend analysis. However, a negative trend was found in the month of June for the Hilpankandura Estate. is is interesting as it was not found in the annual and seasonal rainfall trend analysis. However, it is recommended to further analyse the trends using more monthly rainfall data.
As already stated, the ongoing Uma Oya development program proposed to transfer 145 MCM of water annually from Uma Oya to Kirindi Oya. is transfer was proposed due to excess of water in the Uma Oya basin. is can be justified by regular spills from the Rantambe dam. However, the Uma Oya water is directly responsible for hydropower generation in the Rantambe reservoir in Mahaweli Development Project in Sri Lanka. erefore, it would be interesting to observe water availability in the Rantambe reservoir after completion of the Uma Oya development project.
However, with the aid of the above results of trend analysis, it can be concluded herein that the Uma Oya catchment would not be facing any recent future water scarcity due to climate variability. In fact, the analysis shows an increment of rainfall in Kirklees Estate, Ledgerwatte Estate, and Welimada Group. More importantly, it was found that these increments are in the erefore, more spills in Rantambe can be expected in the future. is is not only due to the increased runoff in Uma Oya but also due to the reduction of capacity of the Rantambe reservoir owing to the ongoing siltation/ sedimentation issue. erefore, if done carefully, the transfer of 145 MCM of water from Uma Oya to Kirindi Oya would not be a greater issue. However, this is only in the volumetric perspective of river flows. It may be a potential solution to the frequent spills in the Rantambe reservoir too. erefore, it is necessary to carry out in-depth analysis to understand other issues related to transfer of water from Jul  IS  IS  IS  IS  IS  Aug  IS  IS  IS  IS  IS  Sep  IS  IS  IS  IS  IS  Oct  IS  IS  IS  IS  IS  Nov  IS  IS  IS  IS  IS  Dec  IS  IS  IS  IS  IS IS: insignificant.
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Uma Oya to Kirindi Oya. is should include a detailed analysis of social and economic activities of the people who live in the Uma Oya catchment.
Conclusions
Rainfall data for five rain gauges in one of the most important catchments in Sri Lanka were tested for the rainfall trends. e analysis emphasises the importance of the selected catchment due to the ongoing Uma Oya development program. e results show that there are no significant negative rainfall trends in the catchment over the last 26 years. Positive rainfall trends can be seen in three rain gauges (Kirklees Estate, Ledgerwatte Estate, and Welimada Group) during the 1 st intermediate season, and they were further justified by the monthly trend analysis. erefore, it can be assumed that the runoff of the Uma Oya catchment is in the increasing phase during the 1 st intermediate season and concluded that there is no severe water crisis in the catchment due to the ongoing climate change in the Uma Oya catchment. In addition, the increased runoff due to the positive trends would be worth to transfer to Kirindi Oya using the ongoing Uma Oya multipurpose development project. However, it is recommended to conduct a detailed analysis using more rainfall data and also to conduct a downscaling analysis of the future rainfall variations in the catchment.
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